The axillary approach to brachial plexus blockade is a useful and relatively safe method of anaesthesia for hand and forearm surgery. A drawback to its use is the latency of onset, which may be up to 40 minutes. 1 This is longer than most other regional blocks in current use.
Previous studies have shown that latency of onset of regional blocks could be reduced by warming local anaesthetic, 24 but this has not been tested for axillary brachial plexus blocks.
The aim of this study was to determine whether warming lignocaine with adrenaline to body temperature would reduce latency of onset of axillary brachial plexus block.
METHOD
The study was designed as a randomised, doubleblind, controlled trial and had approval from the hospital Medical Research Ethics Committee.
Forty adult patients requiring hand or wrist surgery suitable to be performed under axillary brachial plexus block were enrolled. To be included, the patients were required to give written consent and to have no contraindications to the technique or agent. Patients were given either no premedication, or temazepam 10 mg one hour preoperatively.
Patients were randomised into a control group and an experimental ("warm") group by means of randomly allocated envelopes. These envelopes contained instructions to the author's assistant to either leave the local anaesthetic at room temperature or to warm it to body temperature. Neither the author nor the patient were aware of which set of instructions was contained in the envelope allocated to each patient. There were equal numbers of envelopes containing each instruction.
Forty ml of lignocaine 1.50/0 with adrenaline 1:200,000 was used for all patients. This was premixed by the pharmacy department from Xylocaine 1 % and 2% with adrenaline 1:200,000 (Astra) in 50 ml polypropylene syringes (Terumo), and sealed in air-and water-tight plastic bags to increase storage life and to prevent contamination when heated in a blood warmer. Astra Pharmaceuticals advise that warming Xylocaine with adrenaline to 40 Q C for short periods does not affect stability (personal communication).
A temperature during injection of 37 ± 1 QC was achieved by putting the syringe into a blood warmer (Toray W-2000 water bath) containing cold tapwater, setting the thermostat to 41 QC and leaving for a minimum of 20 minutes. One minute was allowed to retrieve the syringe from the warmer and remove the plastic bag, and one minute was allowed for injection. Temperature of the local anaesthetic at room temperature was measured and found to be in the range of 22±1 Qc.
All patients had an intravenous cannula inserted in the opposite arm and were monitored by electrocardiography, pulse oximetry and non-invasive blood pressure measurement.
Axillary brachial plexus blocks were performed using the technique described by Hughes and Desgrand. 1 A 20-gauge cannula (Jelco 44 mm) over a 22-gauge 65 mm St. Vincent's needle (Portland Surgical Products Pty Ltd) was inserted into the fascial sheath surrounding the brachial plexus and axillary artery. The needle was then removed, the cannula capped and secured in position.
After insertion of the axillary cannula an assistant retrieved the test syringe, connected it to the cannula and injected the local anaesthetic over one minute. The syringe was aspirated frequently to help identify intravascular placement. Manual pressure was applied distal to the injection site during the injection and for a further minute afterwards to aid proximal spread of local anaesthetic. The author inserted the axillary cannulae, performed the observations and undertook further anaesthetic management in all patients.
Sensory blockade was determined by firm pinprick with a 22-gauge short-bevel needle, and recorded as a patient response of: I. "sharp", 2. "blunt" or 3. "none", equating to: I. normal sensation, 2. analgesia and 3. anaesthesia. This was assessed in sites corresponding to the centre of the cutaneous distribution of the following five nerves: radial, ulnar, median, lateral cutaneous nerve of forearm, and medial cutaneous nerve of forearm. Observations were made prior to injection as a baseline, and at five-minute intervals after injection for 40 minutes.
Motor blockade was determined by assessing strength of movement against resistance, recorded as: I. normal power, 2. weakness or 3. paralysis. This was assessed for elbow fiexion, elbow extension, finger fiexion and finger extension. Observations were made prior to injection as a baseline, and at ten-minute intervals after injection for 40 minutes.
If an area in the surgical field remained unblocked after 40 minutes, a supplementary peripheral nerve block was performed using bupivacaine 0.25070. Intraoperative sedation with intravenous midazolam was given as needed. For long operations top-ups of bupivacaine with adrenaline were given through the axillary cannula.
Statistical analysis was by Student's t-test for unpaired continuous data, and by Chi-squared test with Yate's correction or Fisher's exact test for dichotomous data. An upper threshold for type I error (false positives) was predetermined to be 5070, and significant differences are reported with a P < 0.05 or P < 0.01.
RESULTS
Of the 40 patients initially enrolled seven were withdrawn. One patient requested general anaesthesia immediately after insertion of the block, in three patients the axillary approach was abandoned following two punctures of the axillary artery, and three patients failed to develop a block (two from the Control group and one from the Warm group, P = ns). Thirtythree patients (17 in the Control group and 16 in the Warm group) had blocks suitable for surgery and were analysed further.
Patient demographic data are shown in Table I . There was no statistically significant difference between Control and Warm groups in weight, gender, ASA classification, type of operation or incidence of paraesthesiae on initial needle insertion. Despite randomisation, there was a statistically significant difference in patient ages between groups. The possibility of outcomes being confounded by age effects was explored by further statistical testing on the data stratified by age. No reason was found to suggest that any of the following results or conclusions are age dependent. 
*P <0.05
The success rate of sensory blockade of individual cutaneous nerves, and motor blockade of individual muscle groups, tended to be slightly less in the Warm group than the Control group (Table 2) . This achieved statistical significance only in the lower rate of anaesthesia in the radial nerve distribution (25070 versus 76070, P < 0.01) and of weakness of elbow extension (75070 versus 100070, P < 0.05). Seven out of 16 patients in the Warm group required a single supplementary nerve block to allow surgery to begin, compared with only two out of 17 in the Control group. This difference just failed to reach statistical significance (P = 0.057) and was mainly due to the five supplementary radial nerve blocks required in the Warm group. More patients in the Warm group were given sedation than in the Control group, a difference which was statistically significant (Table 3) .
There was no difference between groups in the number given a top-up of local anaesthetic, or in the time (after insertion of the block) the top-up was given. In those not receiving a top-up, the duration of operation (time from insertion of block to completion of surgery) did not differ between groups (Table 3) .
When sensory or motor blockade was successful there was no difference in the onset time between groups (Table 4) . In an attempt to decrease the onset time of brachial plexus blockade, various modifications of local anaesthetic have been tried, including alkalinisation,57 carbonation,8 the addition of alpha-adrenergic agents,9 various opioids 10 and hyaluronidase. 11 Alkalinisation of bupivacaine (subclavian perivascular approach)5 and mepivacaine (interscalene approach)6 have been reported to reduce onset times by more than 50070. A study 7 which used the axillary approach found a faster onset of anaesthesia in some nerve distributions with alkalinised mepivacaine. The other modifications made no demonstrable improvement.
Warming local anaesthetic solutions to body temperature has been reported to reduce latency of onset of caudal blocks using lignocaine with adrenaline by 39%,2 and of obstetric epidurals using bupivacaine by 20%.3 One study4 has investigated the effect of warming local anaesthetic on onset times of brachial plexus block. Heath et al. used the subclavian perivascular approach with a mixture of equal volumes of bupivacaine 0.5% with adrenaline 1:200,000 and prilocaine 1 %. They reported that time to onset of an adequate sensory block was reduced by almost 50% when the solution was warmed to body temperature.
Suggested mechanisms for the reduced latency of local anaesthetic injected at body temperature are an increased rate of passive diffusion across non-neural structures, and a reduction in pKa, resulting in an increase in the un-ionised fraction of lignocaine able to cross neural membranes. 2. 4 Difficulties in warming local anaesthetic to achieve a body temperature solution at the time of injection include attaining the desired temperature safely (warming cupboards are usually too hot and blood warmers might cause waterborne contamination), and an unacceptable temperature fall if the solution is left in the open or drawn up into a room-temperature syringe. 12 Though overcoming these difficulties, the protocol used to warm local anaesthetic in this study is somewhat involved and time consuming.
In this study a cannula technique was used for administering the local anaesthetic to assist with investigator blinding and to allow extension of the block with local anaesthetic top-ups. The only problem encountered with this technique was the need to repeat the insertion if the axillary artery was punctured.
Recommendations of previous studies Ill' were used to determine the volume and concentration of local anaesthetic administered. No systemic toxicity was observed with the dosage given. Assessment of sensory and motor blockade were by standard methods. 4,7,11 I' " There was a failure rate of 80,10 (3 out of 36 completed blocks) in this study, presumably because the cannula was outside the neurovascular sheath. This is similar to the 50,10 reported by Selander I' and Vester-Andersen et al. 14 The experimental and control groups of randomly assigned patients were well matched in all parameters except age. However, analysis found no interaction between age and outcome. This is in agreement with the results of Vester-Andersen et al. " who found no correlation between age and completeness of block at 30 minutes, as part of their extensive studies of perivascular axillary block. Their study used similar methodology of a catheter technique and injection of 40 ml of mepivacaine 10,10 with adrenaline. The results of this present study should therefore be valid despite the difference in ages between groups.
The main difference in outcome between the groups was a low success rate in blocking sensation of the radial nerve in the Warm group. Correspondingly, more patients in the Warm group needed a supplementary radial nerve block. Patient anxiety caused by these supplementary injections resulted in more patients in the Warm group receiving sedation. No reason is apparent for the slightly lower success rates when using warm local anaesthetic.
Onset times of sensory and motor blockade were virtually the same for Control and Warm groups. Although a type II error (false negative) is possible with the patient numbers in this study, it appears unlikely that a study with larger numbers would find a difference of clinical use.
The finding that warming lignocaine with adrenaline does not reduce latency in the axillary brachial plexus conflicts with the positive results of other studies. : 4 Admittedly, these studies used different sites or local anaesthetics. It is possible that the proximity of the axillary artery leads to rapid warming of roomtemperature solution to body temperature in the axillary brachial plexus, diminishing the effect of solution temperature on latency at this site.
In conclusion, this study failed to show a reduction in latency of onset, or any other advantage, in using warm lignocaine with adrenaline for axillary brachial plexus blocks.
